TABLE J. Interfents added to whole blood (1:9) to achieve desired concentration range RESULTS oxalate tubes (Vacutainers, Becton Dickinson). The interferents were added to whole blood in a ratio of 1:9 using aqueous stock solutions, to achieve the final desired concentration ranges in the sample (Table 1) .
Samples were examined after the addition of the interferents but no obvious haemolysis was evident.
The reference glucose measurement was made on each blood sample after treatment with perchloric acid (3070) using the glucose dehydrogenase procedure in duplicate on a centrifugal analyser (MonarchTM, Instrumentation Laboratory, Warrington, UK).
Single analyses were performed on five blood samples (with glucose concentrations from 2·9-6, 5 mmol/L as measured by the reference procedure) taken into both fluoride/oxalate and heparin tubes at four different concentrations of added potential interferent together with a control in which only saline had been added. The results obtained for each analytical system were compared with the reference procedure. There was no effect of any of the interferents on the reference method.
The effects of each of the interferents, on each of the analytical systems were tested using regression analysis. Regression equations for each sample were calculated and compared to the regression equation for the same sample analysed
The most widely used method for the measurement of glucose employs the enzyme glucose oxidase coupled to a means of detecting the hydrogen peroxide produced. The accuracy of such methods may be compromised by an influence on the primary enzyme-mediated step or by an effect on the redox detector. The majority of interferences noted with glucose oxidase mediated methods have resulted from a competitive effect on the redox detection system. This interference may be exacerbated in so called strip tests for glucose where the plasma acts as the solvent for the dry reagents, the interferent therefore being present in higher concentrations compared with a conventional wet chemistry system.
The literature contains references to interference in conventional glucose oxidase methods by paracetamol, ascorbic acid and uric acid-all recognized reducing agents, as well as a variety of drugs. However, there has only been a limited study of the effects of these molecules on stick or dry reagent systems. We therefore undertook a study of the influence of ascorbic acid paracetamol, salicylate, uric acid, urea and creatinine on three of the most commonly used stick systems for the measurement of glucose.
MATERIALS AND METHODS
Experiments were undertaken with the Glucostix (Miles Ames, Basingstoke, UK) and BM 1-44 (Boehringer, Lewes, UK) dry reagent strips with their associated reflectance meters and the Exactech and Satellite G (Medisense, Birmingham, UK) strips with associated electrochemical detectors.
All analyses were performed on fresh blood collected by venepuncture into heparin or fluoride/ Correspondence: Dr Jacky Burrin. 
DISCUSSION
Statistically significant changes in blood glucose concentration were observed in some of the dry reagent systems in the case of ascorbic acid, paracetamol and salicylate, with no interferences seen in the case of creatinine, urea or uric acid.
The influence of ascorbic acid on glucose oxidase systems has been documented on several occasions and is thought to be due either to direct competition with the redox indicator system or in the case of o-tolidine (the chromogen used in Glucostix), a lag in colour development, during which time no colour appears until all of the ascorbic acid has been oxidized.' The incidence of interference by salicylate in glucose oxidase methods is less well documented but may also occur via either of the above mechanisms.
The lack of interference with either ascorbic acid or salicylate in the other colorimetric glucose strip is likely to reflect the choice of a different oxygen acceptor.
The exact mechanism by which ascorbic acid interferes with the Satellite-G system remains unclear, since both this system and the Exactech use a glucose oxidase/ferrocene electrode. The only difference being that the Satellite-G system incorporates an additional electrode for monitoring the microelectrical currents produced by glucose oxidation. Although, this should reduce the effect of the interferent, not increase it.
Whilst the interference caused by ascorbic acid may not appear to be of clinical significance with normal levels of ascorbic acid, significant effects have been observed in neonates given large amounts of ascorbic acid with apparent hypoglycaemic glucose levels reported." A similar observation on other systems using hydrogen peroxidase detection has been made in a patient with malignancy given high doses of ascorbate! and recently false-negative urine dipstick results have been observed in ambulatory out-patients, presumably due to the increased ingestion of Vitamin C as a non-prescribed dietary supplement," the mean change in glucose over the range of concentration of each interferent tested.
The interassay imprecision of each of the analytical systems was assessed by analysing respective control samples on the 12 days when experiments were performed. The data are presented in Table 2 . by the reference method. For all interferents tested, the slope of the regression equation for the reference method was not significantly different to zero confirming that none of the interferents affected the reference method. The paired r-test was then used to compare each regression equation against the equivalent equation obtained with the reference method. Comparison between fluoride/oxalate and heparin samples indicated no deterioration in the glucose levels of the latter and the review of data was therefore confined to the heparinized samples. Figure I summarizes Paracetarnol has been reported to interfere with the measurement of glucose using electrochemical detection of hydrogen peroxide." However, we are not aware of any previous reports of interference with the Exactech system. Paracetamol is easily oxidized under the conditions required for hydrogen peroxide oxidation" and a similar effect may occur with the oxidation of ferrocene to ferrocinium in this system. The additional electrode in the Satellite-G system may prevent this interference.
It is encouraging that in all these dry reagent chemistry systems where no predilution of sample occurs, observed interferences by the substances tested were small. However, the situation where high concentrations of ascorbic acid are administered as part of a multivitamin supplement is of concern and clinicians should be aware of the potential interference this may cause in certain dry reagent chemistry methods.
